Five trials involving 112 individually-penned animals were conducted to determine the effects of dietary fiber additions (0 or 10% dehydrated alfalfa meal) on the rate and efficiency of growth and carcass characteristics of growing pigs housed in a cold (10 C), thermoneutral (22.5 C) or hot (35 C) thermal environment. Cold exposure (10 C) depressed efficiency of feed and energy utilization, carcass length, backfat, cold carcass dressing percentage and percentage lean cuts. Exposure to the hot environment resulted in depressed live weight gains but did not alter the efficiency of feed utilization. Dietary additions of alfalfa meal depressed daily gains by 1, 3 and 5% in pigs housed in the cold, warm and hot environments, respectively, and gain:feed ratios by 1, 7 and 10%. Ingestion of the fibrous alfalfa meal depressed cold carcass dressing percentage in the 10 and 22 C environments as compared with the basal diet. Based on these data, the nutritional value of fibrous feedstuffs (15% total dietary neutral detergent fiber or less) for growing pigs allowed to consume feed ad libitum is greater in animals housed in a moderately cold vs a warm or hot thermal environment.
Introduction
The digestibility of dietary energy and the efficiency of utilizing the digested energy (DE) for tissue synthesis in pigs is depressed by the dietary inclusion of fibrous feedstuffs (King and Traverner, 1975; Henry, 1976; ARC, 1981; Stahly et al., 1983) . The voluntary intake of digestible energy in pigs allowed to consume feed ad libitum also tends to be reduced by dietary fiber additions (Stahly, 1985) . Thus, the rate and efficiency of growth in pigs are depressed as dietary fiber levels are increased (Turlington, 1984) .
Because a larger fraction of the DE content of fibrous feedstuffs is lost as heat (heat increment) during the digestive and metabolic processes than that of starchy or fatty feedstuffs (ARC, 1981; Ewan, 1983) , the nutritional value of a fibrous diet may be influenced by the thermal environment in which the pigs are maintained. In a cold environment, the additional heat released during the digestion and metabo-1 Journal Paper 86-5--16 of the Univ. of Kentucky Agr. Exp. Sta.
Dept. of Anita. Sci. 3Courtesy of Charles Schenk and Sons Co., Inc., Vincennes, IN.
Received May 1, 1986 . Accepted July 16, 1986 lism of fiber may be used to meet the animals's elevated maintenance needs, thus sparing other nutrients for tissue synthesis. Whereas, the heat released during the digestion and metabolism of fiber is likely lost in a warm environment, and may actually increase the burden of heat dissipation in pigs housed in a hot environment. The objective of this study was to determine the effect of the dietary inclusion of a fibrous feedstuff (dehydrated alfalfa meal) on the performance of pigs housed in a cold, warm or hot thermal environment.
Experimental Procedures
Pigs (male castrates) of Yorkshire-Hampshire ancestry were randomly allotted to treatments from outcome groups based on weight and litter. The experimental diets consisted of a fortified, .90% lysine, corn-soybean meal basal containing 0 or 10% dehydrated alfalfa meal 3 (table 1) . The basal and alfalfa meal diets contained an average of 9.0 and 14.1% neutral detergent fiber (NDF), respectively. The alfalfa meal was added to the diet at the expense of corn and soybean meal of an isolysine basis. The diets were formulated to provide a minimum of 120% of the estimated nutrient requirements of the growing pig (NRC, 1979) to ensure that the daily nutrient intakes of the animals housed in the hot environment met or exceeded the animals' daily needs. Pigs were allowed to consume feed and water ad libirum.
Pigs were individually housed in .6-• 1.2-m pens with expanded metal floors and solid wood pen dividers in environmental chambers maintained at 10, 22.5 or 35 C. Twelve pens were located in each 4.8-• 7.8-m environmental chamber. A constant air temperature (-+ 1 C) and relative humidity (40 to 60%) were maintained in each chamber by simultaneous use of chilled water and steam via a pneumatic control system. Forced-air ventilation (one air exchange/ min) and continuous lighting (1,060 lux) were employed.
All pigs were initially placed in chambers maintained at 22.5 C. After a 1-d adjustment period, the thermal environment was lowered or raised by 4 C daily until the 10 and 35 C environments, respectively, were achieved. Pigs were weighed and feed consumption determined at 14-d intervals. Pigs were on test an average of 42 d (minimum of 40 d). At the termination of the trial (constant pig weight), the pigs were electrically stunned and exsanguinated at the University Meat Laboratory. The eviscerated carcass, minus the head, was chilled for 48 h at 2 C. Carcass weight (cold), length, backfat thickness (first rib, last rib and last lumbar vertebrae) and longissimus muscle area were determined on each animal. The right half of each carcass was cut by standard procedures into the five, untrimmed wholesale cuts of ham, loin, Boston butt, picnic and belly, and their weights recorded. Each wholesale cut was then trimmed to remove as much subcutaneous fat as possible and the fat and trimmed cuts were weighed.
The data were analyzed as a split-plot design by variance techniques with the Statistical Analyses System (SAS, 1982) . The environmental temperature was considered the whole plot and diet was considered the subplot. No trial x treatment interaction occurred, thus means were pooled across trials. The pen was considered the experimental unit.
Exp. 1. Three trials involving 64 pigs were
conducted. The pigs were fed the basal or alfalfa meal diet and were maintained in a 10 (cold) or 22.5 C (thermoneutral) environment. Pigs were fed from an average weight of 24.6 to 56.9 kg.
Exp. 2. Two trials involving 48 pigs were
conducted. Pigs were fed the basal or alfalfa meal diet and were maintained in a 10, 22.5 or 35 (hot) C environment. Pigs were fed from an average weight of 21.8 to 50.7 kg.
Results

Exp. I. Daily feed intake was increased
(P< .01) and daily live weight gain and efficiency of feed utilization (gain:feed) were depressed (P<.01) in the 10 C as compared with the 22.5" C environment (table 2) . Cold exposure also decreased (P<.01) the carcass weight, as a percentage of live weight, carcass length and carcass backfat thickness. The proportion of the carcass in the four lean cuts also was reduced (P<.05). Longissimus muscle area was not (P>.10) influenced by the thermal environment.
The dietary inclusion of 10% alfalfa meal resulted in elevated (P<.10) feed intakes and lowered (P<.10) gain:feed and gain: metabolizable energy (ME) ratios in the 22.5 C, but not in the 10 C environment. The dietary addition of alfalfa meal also tended to depress daily bExperimental diets consisted of a fortified, .90% lysine, corn-soybean meal diet containing 0 (Basal) or 10% dehydrated alfalfa meal (Alf).
CCoefficient of variation (100 s/~ ). dTemperature effect (P<.01).
CAlf effect at 22.5 C (P<.10).
fAlf effect at 22.5 C (P<.05).
gAlf effect at 10 C (P<.10).
hTemperature effect (P<.05).
iThe subcutaneous fat from the wholesale cuts of ham, loin, Boston butt and picnic, expressed as a % of cold carcass weight.
gains in the warm (22.5 C), but not in the cold (10 C) environment, although the differences were not significant. Ingestion of the fibrous, alfalfa meal diet depressed (P<.10) the cold carcass dressing percentage in both environments. Dietary alfalfa meal levels did not (P>.10) alter carcass backfat, longissimus muscle area or percentage lean cuts.
Exp. 2. Daily feed intake increased linearly (P<.01) as the environmental temperature was lowered from 35 to 10 C (table 3). Gain:feed ratios were similar in the 22.5 arid 35 C environments, but were depressed (P<.01) in the cold (10 C) environment. Daily gain was maximized in the 22.5 C environment, with the lowest gain occurring in the hot (35 C) environment. Carcass traits were not altered (P>.10) by the thermal environment in which the pigs were housed, except that carcass length was reduced (P<.05) by cold exposure.
Dietary additions of alfalfa meal depressed (P<.05) ME intake in the 10 C, but not in the bExperimental diets consisted of a fortified, .90% lysine, corn-soybean meal diet containing 0 (Basal) or 10% dehydrated alfalfa meal (Alf).
Ccoefficient of variation (100 s/x).
dTemperature effect (P<.01). eAlf effect at 10 C (P<.05).
fTemperature effect (P<.05).
gAlf effect at 22.5 C (P<.05).
hAlf effect at 35 C (P<.05).
iAlf effect at 35 C (P<.10).
JAlf effect at 35 C (P<.O1).
kSubcutaneous fat trimmed from the wholesale cuts of ham, loin, Boston butt and picnic; expressed as a percentage of cold carcass weight. 22.5 or 35 C environments. Ingestion of the alfalfa meal diet depressed (P<.05) daily gains in each of the three thermal environments. Dietary alfalfa meal additions depressed (P<.05) gain:feed ratios in the 22.5 and 35 C environments, but not (P>.10) in the cold (10 C) environment. Cold carcass dressing percentage, fat trimmed from the lean cuts and % belly were reduced (P<.10) by alfalfa meal additions at 22.5 C, and percentages of lean cuts and belly in the carcass were reduced (P<.10) at 35 C. Dietary alfalfa meal additions did not (P>.10) alter the carcass traits of pigs housed at 10 C.
Discussion
Thermal Environment Effects. The lower (LCT) and upper critical temperatures (UCT) for individually-housed pigs weighing 20 to 50 kg are in the range of 14 to 17 C and 28 to 32 C, respectively (Gray and McCracken, 1973; Mount, 1975; Close and Mount, 1978) , for animals alIowed to consume feed ad libitum. Because the pigs in the present studies were housed on expanded metal slats under which a high rate of air movement occurred, the effective critical temperatures for these pigs were likely 1 to 4 C higher (Mount, 1975) . Thus, the effective temperatures provided by the 10 and 35 C environments are estimated to be, respectively, 7 to 10 C below and 3 to 6 C above the critical temperatures of the pigs in the current studies.
Pigs allowed to consume feed ad libitum tend to eat to satisfy their energy requirements for maintenance and growth when maintained in a thermoneutral or moderately cold (5 to 8 C below LCT) environment, but not when in a hot environment Nienaber and Hahn, 1983) . The voluntary reduction in energy intake in animals maintained in a hyperthermal environment is an apparent effort to lessen the burden of heat dissipation (Kleiber, 1975) . In the present study, the 820 kcal or 15% reduction in ME intake in the heat-stressed pigs resulted in a 15% reduction in daily gain and a 5% reduction in carcass backfat thickness. The efficiency of ME utilization for live weight gain was not altered by the high ambient temperature (table  4) .
Cold exposure resulted in a 14% increase in ME intake, equivalent to a 780 kcal increase in daily ME intake relative to that at 22.5 C. The daily maintenance requirement of the animals housed at 10 C is estimated to be increased by approximately 780 kcal [6kcal ME/(kg "Ts • C) below LCT; ARC, 1981] . The fact that the pigs housed at 10 C gained less than those housed at 22.5 C, even though the pigs apparently consumed enough additional feed to meet their elevated maintenance, likely is due partially to the 2% reduction in energy digestibility, equiv- aWeighted average of Exp. 1 and 2. Each mean represents 22 to 24 individually-housed pigs in the 10 and 22.5 C environments and 8 individually-housed pigs in the 35 C environments. Pigs were allowed to consume the experimental diets (corn-soy basal or basal plus 10% dehydrated alfalfa meal) from 23 to 54 kg body weight.
bThe response level of pigs fed the low NDF (basal) diet in the thermoneutral (22.5 C) environment was considered 100%. alent to 137 kcal ME daily, that occurs in pigs fed ad libitum in a 10 vs 22.5 C environment (Stahly et al., 1983; Turlington, 1984) .
The lowered cold carcass dressing percentage of pigs housed in the 10 C environment reflects the larger gut fill of these animals (Turlington, 1984) . The reduction of carcass length in animals maintained in a cold environment has been reported by others (Sugahara et al., 1970; , and may be caused by changes in the physical dimensions of the live animal resulting from its attempt to minimize its body surface area (huddling). The fact that the belly, expressed as a fraction of the cold carcass, is increased by .8 percentage unit represents an additional effort by the pig to maintain homeostasis by minimizing the quality of heat lost via conduction through contact with the floor surface. Similar results have been observed in early studies at our station .
Dietary Fiber Effects. Fiber digestion occurs
principally in the hind gut (cecum and colon) of the pig (Keys and DeBarth, 1974; Just et al., 1983) . The digestibility of dietary energy in growing pigs allowed to consume feed ad libitum is depressed in a curvilinear manner as the level of dietary NDF (low lignin source) increases (Turlington et al., 1985) . The digestibility of NDF is optimized in pigs fed diets containing 15% or less NDF (Stahly, 1985) .
Energetically, the digestive end-products derived from the hind gut (volatile fatty acids and smaller quantities of lactic acid, methane, COs) are utilized less efficiently for tissue synthesis than those that are obtained via enzymatic digestion in the small intestine. This inefficiency results from the energy losses associated with the movement of the digesta through the tract, the fermentation process and the metabolism of the fermentation end-products (ARC, 1981; Bardon and Fioramont, 1983; Just et al., 1983) . For each gram of carbohydrate digested in the hind gut of the pig, approximately 6% of its energy value is estimated to be lost as heat in the fermentation process and an additonal 35 to 60% is lost as methane and heat during the conversion of the dietary carbohydrates to VFA and then to body tissues (ARC, 1981) . In contrast, only 25 to 30% of the energy value of carbohydrates digested in the small intestine is lost as heat in their conversion to body tissue.
Because fibrous diets apparently have a larger proportion of their energy content lost as heat (heat increment), the nutritional value of fibrous diets for pigs could be influenced by the thermal environmental in which the animals are housed. The dietary energy lost as heat in pigs housed in a cold environment could be used to meet the pig's elevated maintenance needs; whereas, it is likely lost or wasted in pigs housed in a warm environment. In other words, the heat generated from nutrient digestion and metabolism could serve a useful role in a cold environment by minimizing the amount of other nutrients or body tissues that must be oxidized for heat production. In a hot environment, the dissipation of this heat may represent a physiological burden to the animal.
The results of the current studies support his hypothesis. Based on the combined data from the two experiments, the dietary additions of 10% dehydrated alfalfa meat depressed daily gain by only 1% in the cold environment compared with 3 and 5% in the 22.5 and 35 C environments, respectively (table 4). The dietary additions of alfalfa meal depressed efficiency of feed utilization (gain:feed) by 1, 7 and 10% in the cold, warm and hot environments, respectively. The efficiency of ME utilization was improved by 2% with alfalfa meal additions in the cold environment, but was depressed by 5 and 6% in the warm and hot climates, respectively.
The dietary inclusion of the fibrous alfalfa meal decreased the cold carcass percentage in pigs in the 10 and 22 C, but not in the 35 C environments. The reduced dressing percentage is largely due to the greater gut fill of pigs fed the high fiber diets (Stahly, 1985) . The reason that the carcass dressing percentage in the 35 C environment was not lowered is unknown.
Although carcass backfat thickness was not influenced (P>.10) by dietary alfalfa meal addition, the 3% reduction in carcass backfat in pig fed the alfalfa meal diet in the cold likely is due partially to the reduced ME intake of these pigs. The bulky nature of the alfalfa meal may prevent pigs already consuming elevated levels of feed in the cold from consuming the additional ME intake necessary to maximize tissue retention.
Based on these data, the nutritional value of a low lignin, fibrous feedstuff (15% total dietary NDF or less) for growing pigs allowed to consume feed ad libitum is greater in animals housed in moderately cold, thermal environment (5 to 10 C below LCT) than in a warm or hot environment.
